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Description 

[0001] The present invention relates to microproces- 
sor caches in computer systems, and more specifically 
to a method for determining cacheable address and 
write protect memory address regions in a computer 
system using a preset memory address value and a pro- 
grammable single ended.limit register to provide the re* 
spective memory address boundaries for each respec- 
tive memory address region. 
[0002] The personal computer industry is a vibrant 
and growing field that continues to evolve as new inno- 
vations occur. The driving force behind this innovation 
has been the increasing demand for faster and more 
powerful computers. A major bottleneck in personal 
computer speed has historically been the speed with 
which data can be accessed from memory, referred to 
as the memory access time. The microprocessor, with 
its relatively fast processor cycle times, has generally 
had to wait during memory accesses to account for the 
relatively slow memory access times. Therefore, im- 
provement in memory access times has been one of the 
major areas of research in enhancing computer per- 
formance. 

[0003] In order to bridge the gap between fast proc- 
essor cycle times and slow memory access times, 
cache memory was developed. A cache is a small 
amount of very fast, expensive, zero wait state memory 
that is used to store a copy of frequently accessed code 
and data from system memory. The microprocessor can 
operate out of this very fast memory and thereby reduce 
the number of wait states that must be interposed during 
memory accesses. When the processor requests data 
from memory and the data resides in the cache, then a 
cache read hit occurs, and the data from the memory 
access can be returned to the processor from the cache 
without incurring wait states. If the data is not in the 
cache, then a cache read miss occurs, and the memory 
request is forwarded to the system memory. The data is 
then retrieved from system memory as would normally 
be done if the cache did not exist. 
[0004] The management or control of a cache is gen- 
erally performed by a device referred to as a cache con- 
troller. The cache controller is principally responsible for 
keeping track of the contents of the cache as well as 
controlling data movement into and out of the cache. 
One responsibility of the cache controller is the preser- 
vation of cache coherency, which refers to the require- 
ment that the copy of main memory held in the cache 
be identical to the data held in main memory. The cache so 
controller is also generally responsible for the determi- 
nation of which mail memory addresses are capable of 
residing in the cache, referred to as cacheable address- 
es. 

[0005] Microprocessor caches are generally able to ss 
cache most of the memory addresses in main memory. 
However, some memory addresses are defined as non- 
cacheable, or incapable of residing in the cache, be- 



cause of cache coherency reasons. One example of 
memory that is generally designated as non -cacheable 
is memory that is dual ported or capable of being ac- 
cessed by different ports. Dual ported memory is gen- 
5 e rally defined as being non-cacheable because of the 
cache coherency problems that are associated with this 
type of memory. The cache coherency problem arises 
• because the cache controller is unable to snoop the 
memory access by a local master because the local 
10 master accesses the memory location from a different 
port than would the processor, and the cache controller 
does not have access to this port for snooping purposes. 
An example of dual ported memory that exists in per- 
sonal computer systems is the memory locatedon a b- 
« cal area network (LAN) card. The LAN card memory is 
accessible by both the microprocessor and the cache 
controller via one port located on one side of the LAN 
memory and by a local processor on the LAN card via 
a different port located on the other side of the LAN 
20 memory. Cache coherency problems arise because the 
cache controller is unable to snoop local processor ac- 
cesses to the LAN memory. Othpr examples of non- 
cacheable memory are memory that is mapped for in- 
put/output (I/O) devices and also bank switched or ex- 
& panded memory. 

[0006] The cache controller is generally charged with 
the duty of determining which main memory addresses 
are designated as cacheable and which main memory 
addresses are designated as non-cacheable. Conven- 
30 tionalry, this has been done with a fixed address decode 
using programmable array logic (PAL) devices. A vari- 
ation is to place a random access memory (RAM) on the 
address Ihes, with the data in the RAM being the cache- 
able status of the address block. Another variation is to 
use a series of pairs of limit registers which define the 
boundaries of cacheable and non-cacheable address 
regions. Each pair of limit registers stores memory ad- 
dress values that define the upper and lower boundaries 
of the address region. A comparator is generally asso- 
ciated with each stored memory address value to deter- 
mine if the memory address generated by the computer 
system is between the respective upper or lower bound- 
ary address values defining a memory address region. 
If the generated memory address resides between the 
upper and lower address boundaries defining the ad- 
dress region, then the generated memory address is 
deemed cacheable or non-cacheable depending on the 
function of the respective limit registers. 
[0007] This method of cacheable address deterrnina- 
tion generally includes a large amount of logic circuitry 
because two limit registers for storing of the upper and 
lower address boundaries and a comparator for each 
limit register are required for each cacheable or non- 
cacheable address region, and there are generally sev- 
eral such regions \n the memory space of a computer 
system. The large amount of togfc circuitry required for 
each respective cacheable address region limits the 
number of cacheable address regions that can be pro- 
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vided in the memory space of the computer system, 
thereby limiting the amount of cacheabte main memory 
and consequently reducing the effectiveness of the 
cache memory. 

[0008] Some background on the memory organiza- 
tion of personal computers compatfole with those previ- 
ously manufactured and sold by International Business 
Machines Corporation (IBM) is deemed 'appropriate. 
IBM's first personal computer, the IBM PC, included 20 
address lines and therefore could only address one 
Mbyte of memory space. This one Mbyte memory space 
was located between memory address 00O0OH and 
memory address FFFFFH and was divided as follows. 
The lower 640 kbytes were designated for user memory, 
which was generally reserved for the operating system, 
a user's programs and associated data. The next 128 
kbytes of memory was set aside for use by the video 
section of the computer system to store the video data 
that is displayed on the video monitor and the video 
ROM routines that are required for the operation of the 
video monitor. The video ROM routines comprise a set 
of programs that provide essentia! support for the oper- 
ation of the video section, and these programs act as 
an interface between application software written for the 
computer system and the video hardware, which oper- 
ates to display desired images on the video monitor. 
[0009] The next 1 92 kbytes of memory after the video 
display memory area were originally referred to as the 
option ROM space. This memory area originally had no 
real assignment, but has been used for a variety of pur- 
poses that have arisen in the evolving history of IBM- 
compatible computers. The last 64 Kbytes in the 1 
Mbyte memory space of the original IBM PC was used 
to hold the computer's built in system ROM programs. 
The system ROM holds a key set of programs that pro- 
vide essential support for the operation of the computer, 
including the POST programs that make sure the com- 
puter is in good working order at power on and the rou- 
tines referred to as the basic inpuNoutput system or BI- 
OS. The BIOS programs provide detailed and intimate 
control of the various parts of the computer, particularly 
the inputfoutput (I/O) peripherals, and in general act as 
an interface between the computer's hardware and the 
software written for the computer. 
[0010] One of the uses that has been found for the 
1 92 kbyte option ROM area discussed above has been 
as a growth area for the system ROM routines, which 
originally occupied only the last 64 Kbytes of the one 
Mbyte address space. When new equipment or devices 
are added to the computer which require built-in soft- 
ware support, the additional system ROM programs re- 
quired for these new devices are generally located in 
the option ROM area Another use for the option ROM 
area has been for extra video display memory or video 
RAM that is required by video display adapter cards 
based on new video standards. Additionally, many new 
functions or options have been developed which need 
RAM and ROM space, and this RAM and ROM is gen- 



erally located in this area. 

[0011] The IBM PC family has been developed 
around a family of microprocessors manufactured by In- 
tel Corporation (Intel), referred to as the 8088 family of 
5 microprocessors. The original members of the IBM PC 
family were limited to addressing only one Mbyte of 
memory due to the fundamental design of the 8088 mi- 
croprocessor on which they were based, which included" 
only 20 address fines. Intel later Introduced the 80286 
10 microprocessor, which included 24 address lines and 
could directly address up to 16 Mbytes of physical mem- 
ory. The addition of the 80286 microprocessor to a com- 
puter system allows for a logical address space of 16 
Mbytes. However, the original design of the IBM PC and 
« its DOS operating system were limited to the use of the 
original one Mbyte of memory, and they were generally 
unable to use the additional address space provided by 
the 80286 microprocessor. 

[0012] In order to take advantage of the additional 
20 memory space provided by the 80286 microprocessor, 
IBM-compatible computer systems have developed 
what is called extended memory, yrtiich is the memory 
address space above the original one Mbyte address 
space located from memory address 100000H on up. 
» The amount of extended memory available in a compu- 
ter system generally depends on the amount of physical 
memory resident in the computer system greater than 
the original one Mbyte of memory discussed above. This 
additional memory can generally reside anywhere in the 
processor's logical address space between memory ad- 
dress 100000H and memory address FFFFFFH, which 
is the 16 Mbyte limit associated with the 80286 micro- 
processor. In order for an application program to take 
advantage of some of this special extended memory, the 
35 program used some of the services provided by the 
computer's system ROM programs. One of these sys- 
tem ROM services transferred blocks of data in whatev- 
er size needed between the special extended memory 
and the conventional one Mbyte memory. 
[0013] Another feature that is generally included in 
IBM-compatible personal computers is a ROM reloca- 
tion feature. The system ROM and video ROM memory 
which reside in the one conventional Mbyte memory ad- 
dress space discussed above are generally much stow- 
45 er than the high-speed RAM which comprises the re- 
mainder of system memory. Therefore, in order to im- 
prove system performance during execution of the BIOS 
routines which reside in the system ROM and video 
ROM, many computer systems include a ROM reloca- 
50 *ion feature which allows the system ROM andfor video 
ROM to be relocated or copied to high-speed RAM. In 
computer systems using the 80286 microprocessor, the 
ROM is generally copied to the upper 128 kbyte RAM 
memory area just below 16 Mbytes, which is reserved 
*5 for this purpose. When so copied, this 128 kbyte RAM 
location, referred to as shadow RAM, becomes dual 
mapped or accessible to two sets of logical addresses: 
its original RAM memory addresses and the ROM mem- 
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ory addresses of the ROM memory that has been relo- 
cated to this location. 

[001 4J The shadow RAM can be designated as write 
protected to ensure that the data cannot accidentally 
change and effectively remains a ROM. The shadow s 
RAM may also be designated as cacheable memory to 
further improve system performance during execution 
. of the system ROM routines. If the shadow RAM is des- 
ignated as cacheable memory, it is also generally des- 
ignated as write-protected inside the cache controller to io 
ensure that ROM memory data which is placed in the 
cache retains its read-only status inside the cache. The 
cache controller therefore generally requires a means 
to determine whether a memory address generated by 
the computer system has been designated as write pro- *$ 
tected. This has generally been accomplished in the 
same manner as has the determination of cacheable ad- 
dress regions in the cache. The standard method was 
a fixed mapping, and as an alternative, two registers can 
be associated with a write protect memory address re- 20 
gion to define the respective upper and lower memory 
address boundaries of the write protect region. 
[0015] The system ROM includes a series of test and 
initializations programs referred to as the Power-On 
Self-Test (POST), which the computer performs at pow- 2s 
er on to ensure that the computer is in good working 
order. When the computer is reset or turned on, the mi- 
croprocessor is directed to a reset vector location in high 
memory at memory address FFFFFOH to retrieve the 
correct memory location at which to begin the POST. &> 
Memory address FFFFFOH is interpreted by the mem- 
ory controller during a system reset or power on of the 
computer system to access the ROM location where a 
power on reset vector is located. The power on reset 
vector points to the appropriate memory location where 35 
the POST programs begin. It is generally desirable that 
the high memory location where the power on reset vec- 
tor is addressed be designated non-cacheable in order 
to prevent the reset vector from being placed in the 
cache. If the reset vector were located in the cache when 40 
a system reset was initiated, the microprocessor would 
attempt to retrieve the reset vector from the cache and 
therefore could receive an incorrect vector, resulting in 
a "crash" of the computer system. 
[0016J JP63234336 and DE3608659 disclose appa- 45 
ratus which determine whether a developed memory 
address lies in a noncacheable memory region. 
[001 7] According to the present invention there is pro- 
vided an apparatus for determining if a memory address 
value developed in a computer system is within any of so 
a plurality of memory address regions, the computer 
system including a microprocessor, system memory, 
and a system memory address space, the apparatus 
characterised by: 

means for generating a signal if the developed 
memory address value is greater than an interme- 
diate memory address value; 



a first storing means for storing a memory address 
value at a boundary of a first memory address re- 
gion; 

a second storing means for storing a memory ad- 
dress value at a boundary of a second memory ad- 
dress region; 

a third storing means for storing a memory address 
value at a boundary of a third memory address re- 
gion; 

a first comparing means coupled to the storing 
means for comparing the developed memory ad- 
dress value with a first memory address value to 
determine whether the developed memon/address 
value is less than the first memory address value, 
and for generating a signal indicating that the de- 
veloped memory address value resides in a first 
memory address region if the developed memory 
address value is less than the first memory address 
value; 

a second comparing means coupled to the storing 
means for comparing the developed memory ad- 
dress value with a second memory address value 
to determine whether the developed memory ad- 
dress value is greater than or equal to the second 
memory address value, and for generating a signal 
indicating that the developed memory address val- 
ue resides in a second memory address region if 
the developed memory address value is greater 
than or equal to the second memory address value; 
and 

a third comparing means coupled to the storing 
means for receiving the intermediate address indi- 
cating signal, for comparing the developed memory 
address value with the third memory address value 
to determine whether the developed memory ad- 
dress value resides between the third memory ad- 
dress value and the intermediate memory address 
value, andfor generating a signal indicating that the 
developed memory address value resides In the 
third memory address region if the developed mem- 
ory address value resides between the memory ad- 
dress value and the intermediate memory address 
value. 

[0018] The present invention therefore allows a cache 
controller to determine cacheable address and write 
protect memory address regions in a computer system 
using a single programmable limit register and a single 
comparator for each address region. The computer sys- 
tem memory space is partitioned into cacheable and 
write protect address regions with a programmable limit 
register storing a memory address defining one bound- 
ary for each of the respective memory regions. A single 
address comparator associated with each respective 
limit register determines whether a memory address 
generated by the computer system resides between the 
boundary provided by the limit register and another pre- 
defined memory address boundary that may either be a 
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natural boundary such as the lowest and highest mem- 
ory address available m the computer system, memory 
address 00000H and memory address FFFFFH, re- 
spectively, or a memory address boundary formed by 
an inhibit signal provided to the comparator circuitry. 
Each of the address comparators associated with the 
respective limit registers generates a signal which is 
provided to signal generation circuitry inside the cache 
controller which generates a cacheable address signal, 
a non-cacheable address signal and a write protect sig- 
nal that are provided to the cache controller. The use of 
a single limit register and a single address comparator 
for each respective memory address region reduces the 
gate count in the logic circuitry and decreases the input 
buffer loading in the logic circuitry. In addition, the pro- 
grammabiiity of the limit registers htroduces flexibility in 
the designation of cacheable address and write protect 
memory regions in the cache controller. 
[0019] The preferred embodiment of the present in- 
vention includes five limit registers defining four cache- 
able address regions and two write protect memory re- 
gions. The comparator circuitry associated with three of 
the limit registers according to the present invention use 
the lowest and highest memory address available in the 
computer system, memory address 00000H and mem- 
ory address FFFFFH, respectively, as boundaries for a 
respective address region. These low or high address 
are used in conjunction with the boundary provided by 
the respective limit register to define the memory region. 
The associated comparator circuitry for these limit reg- 
isters determines whether the address generated by the 
computer system is below or above, respectively, the 
memory address stored in the respective limit register 
The comparator circuitry associated with the remaining 
two limit registers use an inhibit signal that is asserted 
when the memory address generated by the computer 
system ts above or below one Mbyte, respectively, and 
therefore one Mbyte serves as the predefined boundary 
in the comparator circuitry associated with these two 
limit registers. The comparator circuitry associated with 
these two limit registers determines if the address gen- 
erated by the computer system is betow or above, re- 
spectively, the memory address stored in the respective 
limit register, and the inhibit signal serves as the other 
respective boundary by inhibiting comparator operation 
if active. 

[0020] A control signal enables the comparator output 
signals in the signal generation circuitry to define cache- 
able address and write protect regions in the memory 
space according to the present invention. When this 
control signal is cleared, the comparator output signals 
provided to the signal generation circuitry are ignored, 
and the entire memory address space is considered 
cacheable, and, in addition, there are no write protected 
memory regions defined in the cache controller. An input 
to the signal generation circuitry in the cache controller 
is provided to allow external logic to define non-cache- 
able and write protect address regions in the memory 



space. When the control signal is set. the entire memory 
address map is considered non-cacheable, and the 
comparator output signals are enabled in the signal gen- 
eration circuitry to define cacheable address and write 
$ protect memory regions in the memory space according 
to the memory address boundaries stored in the asso- 
ciated limit registers. 
* [0021] When the control signal is set, thecach'eable 
address and write protect memory spaces defined by 
io the programmable limit registers are deemed to be con- 
tinuous from the predefined memory address boundary 
to the other boundary provided by the address value 
stored in the limit register, and therefore excluded re- 
gions within the address limits are not permitted. How- 
's ever, the above-mentioned input functions to allow ex- 
ternal logic to override any internally programmed limit 
register and punch non-cacheable or write protect re- 
gions into the memory address space where required. 
The input is used according to the preferred embodi- 
ment of the present invention to make non-cacheable 
the region located in high memory where the power on 
reset vector is addressed during a system reset or at 
power on of the computer system. This memory region 
is made non-cacheable to prevent any corruption of the 
25 reset vector that would occur if the reset vector were 
located in the cache during a system reset 
[0022] A better understanding of the invention can be 
obtained when the following detailed description of the 
preferred embodiment is considered bd conjunction with 
30 the following drawings, in which: 



Figure 1 is a block diagram of a computer system 
including limit registers and associated logic circuit- 
ry according to the present invention; 
Figure 2 is a diagram of the memory address space 
of the computer system of Figure 1 ; 
Figures 3 - 7 are schematic logic diagrams of the 
programmable limit registers and associated com- 
parator circuitry according to the present invention; 
and 

Figures 8 and 9 are schematic logic diagrams of sig- 
nal generation circuitry according to the present in- 
vention. 
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45 [0023] Fleferring now to Figure 1, a personal compu- 
ter system C incorporating the present invention is gen- 
erally shown. Many of the details of a computer system 
that are not relevant to the present invention have been 
omitted for the purpose of clarity. In the description that 
50 follows, a signal name followed by an asterisk indicates 
that the signal is asserted when it has a low logic level. 
The computer system C includes a system bus 20 that 
is preferably based on the Industry Standard Architec- 
ture (ISA), a bus architecture introduced in the Intema- 
55 tional Business Machines (IBM) PC/AT personal com- 
puter. A controller chip 22 comprising a bus controller 
and a memory controller is connected to the system bus 
20. Random access memory 23, which is preferably 
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16-bit high speed RAM, is connected to the controller 
chip 22. The controller chip 22 is connected to a micro- 
processor 24 through a local processor bus 26, which 
includes address, data, and control portions. The micro- 
processor 24 is preferably an Intel 80386SX microproc- s 
essor, which includes 24 address lines and is capable 
of directly accessing 16 Mbytes of memory. However, 
. • the useof.ofher processors with different capabilities for 
accessing memory is also contemplated. The processor 
address portion of the local bus 26 preferably includes 10 
24 address lines referred to as PADR<23..0>, and the 
processor data portion of the local bus 26 preferably in- 
cludes 1 6 data lines referred to as PDB<1 5..0>. A cache 
memory chp 28, which preferably includes cache mem- 
ory 30 and a cache controller 32 according to the is 
present invention, is coupled to the processor bus 26. 
The cache controller 32 includes programmable limit 
registers and their associated comparator logic circuitry 
as well as signal generation circuitry which generates a 
cacheable address signal, a non-cacheable address 20 
signal, and a write protect signal whfch are provided to 
the cache controller accordhg to the present invention. 
The signal generation circuitry in the cache controller 32 
includes an input referred to as NRF\ which receives a 
signal generated by external logic 34. A numeric coproc- 
essor 25 may optionally be connected to the local bus 
26. 

[0024] Any computer system memory not physically 
located in the random access memory 23 is preferably 
located on the system bus 20. A video display adapter 30 
40, which includes video RAM and video ROM memory 
addressable by the processor 24, is coupled to the sys- 
tem bus 20. System ROM 42, which preferably includes 
the system ROM routines, is also coupled to the system 
bus 20. A floppy disk unit 44 and a keyboard 46 may 3S 
also be attached to the system bus 20. The contents of 
the video ROM and system ROM 42 are preferably cop- 
ied into the upper 1 28 kbyte logical address block of the 
RAM 23 just below 16 Mbytes immediately after power 
on of the computer system C t as is described further 40 
below. 

[0025] Referring now to Fig. 2, a memory map show- 
ing the memory organization of the computer system C 
is generally shown. The memory organization of the 
computer system C is preferably compatfole with the 
memory organization of personal computers previously 
manufactured and sold by IBM. However, the incorpo- 
ration of the present invention into computer systems 
with other memory organizations is also contemplated. 
The 640 kbyte memory space from memory address so 
00OO0OH to memory address 09FFFFH is reserved for 
the operatEng system and user memory. The next 128 
kbyte block of memory from memory address 0A0000H 
to memory address 0BFFFFH is reserved for the video 
RAM. The next 128 kbyte block of memory from memory ss 
address 0C0000H to memory address 0DFFFFH is re- 
served for the option ROM and RAM associated with the 
various I/O peripherals included in the computer system 



C. The next 1 28 kbyte memory region from memory ad- 
dress 0E0O00H to memory address 0FFFFFH is re- 
served for the system ROM 42 and the video ROM of 
the computer system C. The system ROM 42 and the 
video ROM each preferably comprise 64 kbytes of this 
1 28 kbyte memory space according to the preferred em- 
bodiment. 

[0026] The computer system C preferably includes 
two Mbytes of random access memory. 640 kbytes are 
located in the user memory area between memory ad- 
dress 000000H and memory address 0A0O0OH, as not- 
ed above. 384 kbytes are preferably mapped to the log- 
ical address space in high memory between memory 
address FA0000H and memory address FFFFFFH. The 
upper 128 kbyte space between memory address 
FE0000H and memory address FFFFFFH is preferably 
used to relocate the 64 kbyte system ROM 42 and the 
64 kbyte video ROM from the slower 16 bit ROM mem- 
ory into the higher speed 16 bit RAM. However, the use 
of a different RAM memory region to relocate the system 
ROM 42 and/or video TOM is also contemplated. The 
remaining 256 kbytes of the high, mapped 384 kbytes 
are preferably mapped to the logical address space be- 
tween memory address FAOOOOH and memory address 
FE0000H according to the preferred embodiment, and 
this memory is designated as built-in user memory. The 
memory address space beginning with memory address 
100000H is referred to as the extended memory ad- 
dress space, and the amount of extended memory 
present in the computer system C depends on the 
amount of physical memory installed in the computer 
system C greater than the one Mbyte of memory dis- 
cussed above. In one embodiment of the present inven- 
tion, the remaining one Mbyte is preferably mapped to 
the memory address space between memory address 
100000H and memory address 1 FFFFFH according to 
the preferred embodiment as extended memory. 
[0027] Five programmable limit registers are each 
used to store a memory address value which serves as 
a boundary that, in conjunction with a respective prede- 
fined memory address value, defines a cacheable ad- 
dress or write protect memory address region in the 
memory address space. A base memory address reg- 
ister referred to as the BMA register defines the amount 
of user memory designated as cacheable available in 
the computer system C in the conventional one Mbyte 
address space. The BMA register works 01 conjunction 
with predefined memory address 000000H, which 
serves as the lower boundary definfrig the cacheable 
address region. In the preferred embodiment, the BMA 
register is programmed with memory address value 
0A0000H, signifying that the entire user memory ad- 
dress space from address OOOOOOH to 09FFFFH is de- 
fined as being cacheable. Comparator circuitry associ- 
ated with the BMA register compares true or a logic low 
value for addresses generated by the computer system 
C that are less than the memory address stored in the 
BMA limit register and in the first one Mbyte of the ad- 



6 



11 



EP0461 924 B1 



12 



dress space. 

[0028] A ROM memory address register referred to 
as the RMA register is used to define the amount of 
cacheable memory in the memory address region 
where the system ROM 42 and video ROM reside, and 
also to write protect this memory region. The RMA reg- 
ister works in conjunction with predefined memory ad- 
* dress 1 00000H or one Mbyte/which servesBs the upper 
boundary defining the cacheable address region. The 
RMA register is programmed with memory address 
0E0000H according to the preferred embodiment, which 
signifies that the 128 kbyte memory address space be- 
tween memory address 0E0000H and memory address 
OFFFFFH, which is the entire system and video ROM 
memory area, is designated as a cacheable address 
and write protect region. Comparator circuitry associat- 
ed with the RMA register compares true or a logic high 
value for addresses generated by the computer system 
C that are less than memory address 100000H and 
greater than or equal to the memory address value 
stored in the RMA limit register. 
[0029] An extended memory address register re- 
ferred to as the EMA register is used to define the 
amount of contiguous cacheable extended memory in 
the extended memory address space greater than or 
equal to memory address 100000H. The EMA register 
works in conjunction with predefined memory address 
100000H, which serves as the lower boundary defining 
the cacheable address region, to define a cacheable 
memory address region greater.than or equal to the pre- 
defined boundary address 100000H and less than the 
programmed memory address value stored in the reg- 
ister. The EMA register is programmed with memory ad- 
dress 200000H according to the preferred embodiment, 
which signifies that one Mbyte of extended memory be- 
tween memory address 100000H and memory address 
1 FFFFFH is designated as cacheable memory. Compa- 
rator circuitry associated with the EMA register com- 
pares true for addresses generated by the computer 
system C that are greater than or equal to memory ad- 
dress 100000H and less than the memory address val- 
ue stored in the EMA limit register 
[0030] A ROMCOPY address register referred to as 
the RCA register is used to define a cacheable memory 
address region between predefined memory address 
FFFFFFH and the programmed memory address value 
stored in the RCA register. The RCA register enables 
the copy of system ROM 42 and video ROM that is re- 
located to the upper 128 kbyte block in high speed RAM 
23 to be designated as cacheable. In addition, a write 
protect address register referred to as the WPA register 
allows this ROMCOPY address region to be designated 
as write protected or effectrvefy read only memory in the 
cache controller. The WPA register is used to define a 
write protect memory address region between prede- 
fined memory address FFFFFFH, the highest address 
available to the microprocessor of the preferred embod- 
iment which serves as the upper boundary defining the 



cacheable address region, and the programmed mem- 
ory address value stored in the WPA register. The WPA 
register is programmed with memory address FE0000H 
in the preferred embodiment, which signifies that the up- 
5 per 1 28 kbyte memory block between memory address 
FE0000H and memory address FFFFFFH is designated 
as write protected inside the cache 30. The RCA register 
* is programmed with memory address FA0000H inlhe 
preferred embodiment, which signifies that the upper 
10 384 kbyte memory block between memory address 
FA0000H and memory address FFFFFFH is designated 
as cacheable inside the cache 30. However, different 
values may be used in the two registers. Comparator 
circuitry associated with each of the RCA and WPA reg- 
*5 isters compares true for addresses generated by the 
computer system C that are greater than or equal to the 
memory address value stored in the respective limit reg- 
ister. 

[0031] Referring now to Figures 3 through 7, each of 
20 respective limit registers and their associated com- 
parator circuitry is generally shown. Each of the limit reg- 
isters is programmed with a certain value comprised of 
a number of upper address bits representing a desired 
memory address value that serves as the memory ad- 
25 dress boundary in the respective limit register. The least 
significant address bit that can be programmed into 
each of the limit registers is PADR<13>, and because 
of this the address granularity of each of the limit regis- 
ters is set at 8 kbyte increments. However, the use of 
larger registers to provide a smaller address granularity 
is also contemplated. 

[0032] Referring now to Fig. 3, the BMA register 102 
and associated comparator logic circuitry are generally 
shown. The BMA register 102 is an 8 bit register whose 
35 D6 through DO inputs are connected to the data bus 
lines PDB^.O, respectively. The D7 input of the BMA 
register 102 is connected to a logic low value. A gating 
signal referred to as BMAGATEL is connected to the 
gate input of the BMA register 1 02. The BMAGATEL sig- 
40 nal is asserted high when a user is writing to or program- 
ming the BMA register 102. Since this type of port ad- 
dressing circuitry is well known to those skilled in the 
art, the details of its implementation have been omitted 
in this description for the purpose of clarity. When the 
« BMAGATEL signal is asserted high, the BMA register 
102 latches the data bus signals PDB<6..0> on its D6 
through DO inputs, respectively. 
[0033] The BMA register 1 02 is programmed with a 7 
bit value representing address bits 1 9 through 1 3 of the 
5» respective memory address boundary desired m the lim- 
it register. The signals output from the Q7 through Q0 
outputs of the BMA register 102 are referred to as the 
BMA<7..0> signals, and the BMA<6..0> signals are con- 
nected to inputs BMAI<6..0> of a block comparator cir- 
55 cuit referredtoas CMPLT1 M 104. Trie address lines PA- 
DFk1 9.. 1 3> are connected to inputs BMAADR<6..0> of 
the CMPLT1M block circuit 104. A signal referred to as 
ABOVE 1MB, which is asserted high when the memory 
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address generated by the computer system C is greater 
than or equal to memory address 1 0OO0OH (one Mbyte), 
is connected to the input of an inverter 108, whose out- 
put is connected to an INHIBIT* input of the CMPLT1M 
block circuit 104. 

[0034] The CMPLT1 M block circuit 104 compares the 
PADR<1 9.. 1 3> signals with the corresponding memory 
.address values stored in the BMA register and deter- 
mines if the memory address vaJue generated by the 
computer system C is less than the BMA register value. 
The output of the CMPLT1 M block circuit 104 is a signal 
referred to as CCHEBMA*, which is asserted low when 
the respective memory address value generated by the 
computer system C, represented by the PADFkl 9.. 1 3> 
signals, is less than the memory address value stored 
in the BMA register, signifying that the generated mem- 
ory address is a cacheable address. 
[0035J The ABOVE 1 MB signal is asserted high when 
the address generated on the address lines PADFk23.. 
20> represent an address greater than or equal to one 
Mbyte. When the ABOVE 1 MBsignal is asserted, the IN- 
HIBIT* signal is asserted inside the CMPLT1 M block cir- 
cuit 104, preventing the CCHEBMA* signal from being 
asserted low. Therefore, if the memory address gener- 
ated by the computer system C is greater than or equal 
to one Mbyte, the ABOVE 1 MB signal acts to prevent the 
memory address from being designated as cacheable, 
regardless of the value stored in the BMA register and 
the states of the PADR<19..13> signals. "Thus the 
ABOVE 1MB signal performs the remaining decode 
function on the PADR<23..20> signals not provided to 
the CMPLTIM block circuit 104 to save circuitry. 
[0036] Referring now to Fig. 4, the EMA register 1 20 
and its associated comparator logic circuitry are gener- 
ally shown. The EMA register 120 is a 12 bit register 
whose D10 through DO inputs are connected to the 
PDB<10..0> signals, respectively. The D11 input of the 
EMA register 120 is connected to a logic low value. A 
gating signal referred to as EMAGATEL is connected to 
the lower gating input of the EMA register 1 20. A gating 
signal referred to EMAGATEM is connected to the upper 
gating input of the EMA register 1 20. When the EMAGA- 
TEL signal is asserted high, the EMA register 1 20 latch- 
es the PDB<7..0> signals present on its D7 through DO 
inputs, respectively. When the EMAGATEM signal is as- 
serted high, the EMA register 120 latches the PDB<11.. 
8> signals present on its D11 through D8 inputs, respec- 
tively. The EMAGATEM and EMAGATEL signals are as- 
serted high when a user is writing to or programming the 
respective bits of the EMA register 120. 
[0037] The EMA register 1 20 is programmed with an 
11 bit value representing address bits 23 through 13 of 
the respective memory address boundary desired in the 
limit register. The signals output from the Q11 through 
GO outputs of the EMA register 120 are referred to as 
the EMA<11..0> signals, and the EMA<10..0> signals 
are connected to inputs EMAI<1 0..0> of a block compa- 
rator circuit referredtoas CMPLT16M 122. The address 



lines PADR<23..13> are connected to inputs 
EMAADR<10..0> of the CMPLT16M block circuit 122. 
The PADR<23> signal, the PADR<22> signal, the PA- 
DR<21> signal, and the PADR<20> signal are connect- 
s ed to the inputs of a four input OR gate 1 26 whose output 
is the ABOVE 1MB signal. The ABOVE 1 MB signal is 
connected to an enable input of the CMPLT16M block 
circuit 122 referred to as the BASEMEM input When 
the ABOVE 1 MB signal is asserted high, then the mem- 
"> ory address generated by the computer system C is 
greater than or equaJ to memory address 1 0O0OOH, and 
the CMPLT16M block circuit 122 is enabled. Therefore, 
the ABOVE 1MB signal acts as the predefinedmemory 
address boundary of one Nbyte, preventing the 
w CMPLT1 6M block comparator 1 22 from comparing true 
when the generated memory address is less than one 
Mbyte. 

[0038J The CMPLT16M block comparator 122 com- 
pares the PADR<23..13> signals with the correspond- 
20 ing memory address values stored in the EMA register 
1 20 and determines if the memory address value gen- 
erated by the computer system C« less than the EMA 
register value. The CMPLT16M comparator circuit 122 
has an inherent or default maximum value of 1 6 Mbytes, 
25 and the value stored in the EMA register can range as 
high as memory address FFFFFFH. The output of the 
CMPLT16M comparator circuit 122 is a signal referred 
to as CCHEEMA*, which signifies, when asserted low, 
that the memory address generated by the computer 
30 system C resides in the cacheable region defined by the 
predefined memory address value of one Mbyte and the 
EMA register 120. 

[0039] Referring now to Fig. 5, the RMA register 140 
and its associated comparator circuitry are generally 
35 shown. The RMA register 1 40 is an 8 bit register whose 
D7 through DO inputs are connected to the PDB<7..0> 
signals, respectively. A gating signal referred to as 
RMAGATEL is connected to the gating input of the RMA 
register 140. The RMAGATEL signal is asserted high 
40 when a user is writing to or programming the RMA reg- 
ister. When the RMAGATEL signal is asserted high, the 
RMA register 140 latches the PDB<7..0> signals on its 
D7 through DO inputs, respectively. 
[0040] The RMA register 140 is programmed with an 
45 8 bit value, and the first seven bits D6 through DO rep- 
resent address bits 19 through 13 of the respective 
memory address boundary desired in the limit register. 
The D7 bit in the RMA register 140 is used as a control 
bit and it is set to a logic high value to disable the block 
50 comparator circuit referred to as CMPGE1 M 142 from 
comparing true. The Q7 through Q0 outputs of the RMA 
register 140 are referred to as the RMA<7..0> signals, 
respectively. The RMA<6..0> signals are connected to 
inputs RMAI<6..0> of the CMPGE1 M comparator block 
55 circuit 142. The PADR<19..13t> signals are connected 
to inputs RMAADR<6..0> of the CMPGE1M block com- 
parator 142. The RMA<7> signal and the ABOVE 1MB 
signal are connected to the inputs of a two input NOR 
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gate 146 whose output is connected to an INHIBIT* in- 
put of the CMPGE1M comparator circuit 142. Therefore, 
when the D7 bit of the RMA register 140 is set or the 
memory address value generated by the computer sys- 
tem C is greater than or equal to memory address 
100000H, then the INHIBIT* signal inside the 
CMPGE1M block comparator 142 is asserted low, which 
thereby prevents the CMPGE1M comparator circuit-1 42 
from comparing true. 

[0041] The output of the CMPGE1 M comparator cir- 
cuit 142 is a signal referred to as CCHERMA*. The 
CMPGE1M comparator circuit 142 compares the PA- 
DFk1 9..1 3> signals with the corresponding memory ad- 
dress values stored in the RMA register 1 40 and asserts 
the CCHERMA* signal low if the memory address value 
generated by the computer system C is less than mem- 
ory address 100000H and greater than or equal to the 
RMA register value. The assertion of the CCHERMA* 
signal signifies that the generated memory address is a 
cacheable address and a write protect address. 
[0042J Referring now to Fig. 6, the RCA register 160 
and associated comparator logic circuitry are generally 
shown. The RCA register 160 is a 12 bit register whose 
D11 through DO inputs are connected to the PDB<11.. 
0> signals, respectively. A gating signal referred to as 
RCAGATEL is connected to the lower gating input of the 
RCA register 160. A gating signal referred to as RCA- 
GATEM is connected to the upper gating input of the 
RCA register at 160. The RCAGATEL signal controls the 
lower eight inputs D7 through DO of the RCA register 
160. When the RCAGATEL signal is asserted high, the 
RCA register 160 latches the PDB<7..0> signals 
present on its D7 through DO inputs, respectively. The 
RCAGATEM signal controls the upper four inputs D11 
through D8 of the RCA register 160. When the RCA- 
GATEM signal is asserted high, the RCA register 160 
latches the PDB<11..8> signals present on the D11 
through D8 inputs of the RCA register 160. The RCA- 
GATEL and RCAGATEM signals are asserted high 
when a user is writing to or programming the appropriate 
bits in the RCA register 160. 
[0043] The RCA register 160 is programmed with a 
12 bit value, and the first eleven bits D11 through DO 
represent address bits 23 through 13 of the respective 
memory address boundary desired in the limit register. 
The D11 bit in the RCA register 160 is used as a control 
bit and it is set to a logic high value to disable the block 
comparator referred to as the CMPGE16M block com- 
parator 162 from comparing true. The Q11 through Q0 
outputs of the RCA register 160 are referred to as the 
RCA<11..0> signals. The RCA<10..0> signals are con- 
nected to inputs RCAI<10..0> of the CMPGE16M block 
comparator 162. The PADFk23..13> signals are con- 
nected to inputs RCAADR<10..0> of the CMPGE16M 
block comparator 162. The RCA<11> signal of the RCA 
register 160 is connected to the input of an inverter 166 
whose output is connected to an INHIBIT* input of the 
CMPGE16M comparator 162. The output of the 



CMPGE16M comparator 162 is a signal referred to as 
CCHERCA* 

[0044] The CMPGE16M block comparator 162 com- 
pares the PADR<23..13> signals with the correspond- 
* ing memory address values stored in the RCA register 
160 and determines if the memory address value gen- 
erated by the computer system C is greater than or 
- equal fo the programmed value stored irf the RCA rdg- • 
ister 160. The CCHERCA* signal is asserted tew when 
io the memory address generated by the computer system 
C is greater than or equal to the RCA register value, sig- 
nifying that the generated memory address is a cache- 
able address. 

[0045J Referring now to Fig. 7, the WPA register 180 
« and its associated comparator circuitry are generally 
shown. The WPA register 180 is a 12 bit register whose 
D11 through DO inputs are connected to the PDB<11.. 
0> signals, respectively- A gating signal referred to as 
WPAGATEL is connected to the lower gating input of the 
» WPA register 180. A gating signal referred to as WPA- 
GATEM is connected to the upper gating input of the 
WPA register 180. The WPAGATEL signal controls the 
lower eight inputs D7 through DO of the WPA register 
180. When the WPAGATEL signal is asserted high, the 
25 WPA register 180 latches the PDB<7..0> signals 
present on its D7 through DO inputs, respectively. The 
WPAGATEM signal controls the upper four inputs D11 
through D8 of the WPA register 180. When the WPA- 
GATEM signal is asserted high, the WPA register 180 
30 latches the PDB<11..8> signals present on its D11 
through D8 inputs, respectively. The WPAGATEL and 
WPAGATEM signals are asserted high when a user is 
writing to or programming the appropriate bits in the 
WPA register 180. 
35 [0046] The WPA register 180 is programmed with a 
1 2 bit value, and the first eleven bits connected to inputs 
D10 through DO represent address bits 23 through 13 
of the respective memory address boundary desired to 
the register 180. The D11 bit in the WPA register 180 is 
<° used as a control bit and it is set to a logic high value to 
disable the block comparator 182 from comparing true. 
The Q11 through Q0 outputs of WPA register 180 are 
referred to as the WPA<11..0> signals. The WPA<10.. 
0> signals are connected to inputs WPAI<10..0> of the 

blockcomparatorcircuitreferredtoasCMPGE16MlB2 
The PADR<23..13> signals are connected to inputs 
WPAADR<10..0> of the CMPGE16M block comparator 
182. The WPA<11> signal is connected to the foput of 
an inverter 1 86 whose output is connected to the INHIB- 
» IT input of the CMPGE16M block comparator 182 The 
output of the CMPGE16M block comparator 182 isasig- 
nal referred to as CCHEWPA*. 
P047] TheCMPGE16Mbkxkcorr^tor182is^ 
k^ly fcJentic^ to fie CMPGE^ ^ 
« of Figure 6. The CMPGE16M block comparator 182 
compares the PADR<23..13> signals with the corre- 
sponding memory address values programmed in the 
WPA register 180 and determines if the memory ad- 
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dress value generated by the computer system C is 
greater than or equal to the value stored in the WPA reg- 
ister 180. The CCHEWPA* signal is asserted low when 
the memory address generated by the computer system 
C is greater than or equal to the WPA register value, 
signifying that the generated memory address is a write 
protected address. 
- [0048] The computer systemC preferably includes an 
l/O-rnapped relocation register (not shown) residing at 
I/O location 0878H which is used to store information 
regarding relocation of the ROM to high-speed RAM. 
The relocation register may also be a memory mapped 
register residing at memory location 80CO0O00H ac- 
cording to another embodiment The relocation register 
comprises two bits referred to as bit 0 and bit 1 . Bit 0 is 
set to a logic high value when the ROM relocation is not 
performed and is cleared to a (ogic low value when the 
ROM relocation is performed to high-speed RAM. Bit 1 
is set to a logic high value when the 128 kbyte RAM 
memory block beginning at memory address FEOOOOH 
is not write protected and Is cleared to a logic low value 
when the 128 kbyte RAM memory block beginning at 
memory address FEOOOOH is designated as write pro- 
tected. For more information on the ROM relocation reg- 
ister, please refer to the Compaq Deskpro 386S Tech- 
nical Reference Guide published by Compaq Computer 
Corporation, which is hereby incorporated by reference. 
[0049] The cache controller 32 according to the 
present invention includes a user programmable control 
word register (not shown ) referred to as the C W register. 
The CW register includes an internal register enable bit 
referred to as the IRE bit. The IRE bit enables the com- 
parator output signals to define cacheable address and 
write protect regions in the memory space according to 
the present invention. When the IRE bit is cleared, the 
comparator output signals are ignored, and the entire 
memory address space is considered cacheable and 
reaoTwrite memory. The NRF* input is then used in con- 
junction with the external logic 34 to determine non- 
cacheable and write protect regions in the memory 
space. When the IRE bit is set, the entire memory ad- 
dress space is considered non-cacheable and the com- 
parator output signals are enabled to define cacheable 
and write protect memory address regions in the non- 
cacheable memory address space. In this instance, the 
NRF* input allows the external logic 34 to override a re- 
spective limit register and punch non-cacheable or write 
protect memory address regions in the memory space 
where desired. According to the preferred embodiment, 
the IRE bit is kept set and the external logic 34 is com- 
prised of an address decode of memory address 
FFFF80H and above and generates a decoded address 
signal that is provided to the NRF* input to designate as 
non-cacheable the memory address locations 
FFFF80H and above in high memory where the power 
on reset vector is addressed. However, the use of the 
NRF* input to designate other memory locations as non- 
cacheable and/or write protected is also contemplated. 



[0050] Referring now to Fig. 8, the signal generation 
logic according to the present invention includes a shad- 
ow register which holds a shadow copy of bit 0 and bit 
1 of the memory-mapped relocation register The shad- 
5 ow register enables the signal generation logic to know 
when the ROM relocation to high memory has been per- 
formed and also to know whether the 128 kbyte block 
beginning at memory address FEOOOOH where the ROM 
relocation occurs is write protected. 
10 [0051] The shadow register is comprised of two D- 
type latches 200 and 202, respectively. The PDB<1>* 
signal is connected to the inverted D input of the fetch 
200. The PDB<0>* signal is connected to thejnput of 
the latch 202. A gating signal referred to as DIAGCLK 
' 5 is connected to the gating inputs of each of the latches 
200 and 202. The DIAGCLK signal is asserted or a logic 
high value when a user is writing to the shadow register, 
allowing the latches 200 and 202 to latch the respective 
data bus values present on their D inputs. The system 
20 reset signal RESET* is connected to the inverted clear 
inputs of each of the latches 200 and 202 so that they 
are reset when a system reset occurs. The inverted Q 
output of the latch 200 is connected to one input of a 
three input NOR gate 204. The Q output of the latch 200 
2S is a write protect signal referred to as WPROTECT*, 
which preferably mirrors or shadows bit 1 in the memo- 
ry-mapped ROM relocation register (not shown). The 
WPROTECT* signal is connected to one input of a two 
input AND gate 206. The Q output of the latch 202 is a 
30 signal referred to as ROMCOPY, which is asserted high 
when the ROMCOPY function is on and bit 0 in the ROM 
relocation register is a logic low value. The ROMCOPY 
signal is connected to the other input of the AND gate 
206. The output of the AND gate 206 is a signal referred 
35 to as RCONWPOFF which signifies when asserted high 
that the ROM relocation has been performed and that 
the Write Protect function is off. 
[0052] The inverted Q output of the latch 202 is con- 
nected to an input of the NOR gate 204. The PA- 
40 DR<23>* signal is connected to an input of the NOR 
gate 204, whose output is connected to an input of a 
three input NAND gate 21 0. The PADR<22>* signal, the 
PADFk21>* signal, and the PADR<20>* signal are 
each connected to an input of n three input NOR gate 
4S 207 whose output is connected to one input of the NAND 
gate 210. The PADR<19>* signal, the PADR<18>* sig- 
nal and the PADR<17>* signal are each connected to 
an input of a three input NOR gate 208, whose output 
is connected to an input of the NAND gate 21 0. The out- 
50 put of the NAND gate 21 0 is a non-cacheable address 
signal referred to as NCA16MB*, which is asserted low 
when the memory address generated by the computer 
system C is greater than memory address FEOOOOH, the 
ROMCOPY function is on and the Write Protect function 
55 is off. The NCA1 6MB* signal is generated to decode a 
special condition where cache coherency problems 
could occur in the 128 kbyte ROM relocation memory 
block in high memory, as is described further below. 
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[0053] Referring now to Fig. 9, signal generation logic 
according to the present invention is further shown. The 
CCHEBMA* signal, the CCHEEMA* signal, the CCH- 
ERMA* signal, and the CCHERCA* signal are connect- 
ed to the inputs of a four input AND gate 320. The output 
of the AND gate 320 and a signal generated from the 
IRE bit in the CW register (not shown) referred to as the 
I REGEN signal are connected to-the inputs of a two in- 
put NAND gate 322. The output of the NAND gate 322 
is connected to an input of a three input AND gate 324 
and is also connected to an input of a three input AND 
gate 328. A signal referred to as CCHERD1*, which 
when asserted tow signifies that the current bus cycle is 
a memory read, is connected to the input of an inverter 
326, whose output is connected to an input of the AND 
gate 324 and is also connected to an input of the AND 
gate 328. The signal generated from the external logic 
34 represents decoded memory address FFFF80H or 
above, and this signal is provided to the NRF* input and 
is referred to as the NRF* signal. The NC A1 6MB* signal 
and the NRF* signal are connected to the inputs of a 
two input AND gate 330, whose output is connected to 
an input of the AND gate 324 and is also connected to 
an input of the AND gate 328. 
[0054] The output of the AND gate 324 and a cache 
memory enable signal referred to as CCHEN are con- 
nected to the inputs of a two input NAND gate 332, 
whose output is a cacheable address signal referred to 
as CA*. The CA* signal is asserted low to the cache 
controller 32 when a cacheable memory address is gen- 
erated by the processor 24. Therefore, if the cache 30 
is enabled, the comparator output signals are ignored 
based on the IREGEN signal being high or the compa- 
rator outputs are enabled and one of the comparator 
output signals is asserted, the current bus cycle is a 
processor memory read, and the NCA1 6MB* and NRF* 
signals are both negated high, then the logic circuitry 
determines that a cacheable memory address has been 
generated and the CA* signal is asserted low. 
[0055] The output of the AND gate 328 is a non- 
cacheable address signal referred to as NCA* The 
NCA* signal is asserted low when the generated mem- 
ory address is deemed a non-cacheable address. 
Therefore, if the comparator outputs are enabled and all 
of the comparator output signals are negated, or the cur- 
rent bus cycle is not a processor memory read, or either 
of the NCA 16MB* or NRF* signals are asserted tow, 
then the logic circuitry determines that a non-cacheable 
address has been generated by the processor 24, and 
the NCA* signal is asserted tow. 
[0056] The NRF* signal allows external logic to over- 
ride a respective comparator output signal and desig- 
nate a certain memory address non-cacheable. The 
NRF* input is used in conjunction with the external logic 
34 according to the preferred embodiment to make the 
power on reset vector memory location in high memory 
non-cacheable. When the IRE bit is cleared, signified by 
the IREGEN signal being negated tow, the NRF* input 



is the only means to designate a memory address non- 
cacheable or write protected. 
[0057] The NCA1 6MB* signal is asserted tow to force 
the 128 kbyte ROM relocation block beginning at ad- 
5 dress FEOOOOH to become non-cacheable when the 
memory address generated resides in this memory 
btock and both the ROMCOPY function has been per- 
formed and toe Write Protect function is off. This is be- ' 
cause, when theftOM relocation function has been per- 
10 formed, the 128 kbyte ROM relocation btock is double 
mapped to two different 1 28 kbyte togical address spac- 
es, one beginning at memory address FEOOOOH and 
one beginning at memory address 0E0000H. In this in- 
stance, the RMA register 140 and the RCA register 160 
15 each define cacheable address regions for a respective 
togical memory address space that each map to the 
same physical memory location, the 1 28 kbyte ROM re- 
location RAM memory btock in high memory. The RMA 
register 140 defines the memory space beginning at 
20 memory address 0E0000H to be a cacheable address 
region. When the Write Protect function is off, this mem- 
ory address region is not write projected, and therefore 
write updates are permitted when a user accesses the 
128 kbyte ROM relocation RAM memory block with a 
25 logical address in the 128 kbyte logical address space 
beginning at address 0E00O0H. The 128 kbyte RAM 
memory btock is generally accessed exclusively 
through the togical memory address space beginning at 
memory address 0E0000H. However, the NCA 16MB* 
30 signal is asserted tow in this instance to force the logical 
address space beginning at address FEOOOOH non- 
cacheable in order to prevent the 128 kbyte ROM relo- 
cation RAM memory space from being placed in the 
cache through the logical address space beginning at 
35 memory address FEOOOOH. However, a noncoherent 
condition could still be forced if the 128 kbyte ROM re- 
location RAM memory btock were updated through the 
non-cacheable address space beginning at memory ad- 
dress FEOOOOH. 
40 [0058] The NRF* signal and a cache write signal re- 
ferred to as CCHEWR* are connected to the inputs of 
a two input NOR gate 350. The CCHERMA* signal, the 
IREGEN* signal and the RCONWPOFF signal are con- 
nected to the inputs of a three input NOR gate 352. The 
<5 CCHEWPA* signal, the IREGEN* signal, and the 
WPROTECT* signal are connected to the inputs of a 
three input NOR gate 354. The outputs of the NOR gates 
350, 352, and 354 are connected to the inputs of a three 
input NOR gate 356 whose output is a signal referred to 
50 as READONLY*. The READONLY* signal is asserted 
tow to the cache controller 32 when a memory address 
write is designated as write protected because of either 
the external logic 34 connected to the NRF* Input, be- 
cause the write was to the RMA register memory space, 
55 which is designated write protected by the RMA register 
1 40, and the Write Protect function is on, or because the 
memory address resides in the address space designat- 
ed write protected by the WPA register 1 82. One should 
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note that the CCHEWPA* signal is only enabled to gen- 
erate the READONLY* signal when the Write Protect bit 
in the ROM relocation register is asserted low, signifying 
that the output of the CMPGE16M comparator 182 is 
only enabled when the 128 kbyte RAM memory block 5 
where the ROM relocation occurs is designated as write 
protected. 

[0059] A cache controller isthus allowed to determine 
cacheable address and write protect memory address 
regions using a single limit register and a single compa- 1 o 
rator for each address region. This reduces the gate 
count and decreases the input buffer loading ki the logic 
circuitry. 



Claims 

1. An apparatus for determining if a memory address 
value developed in a computer system is within any 
of a plurality of memory address regions, the com- 20 
puter system (c) including a microprocessor (24), 
system memory (23), and a system memory ad- 
dress space, the apparatus characterised by: 

means for generating a signal if the developed as 
memory address value is greater than an inter- 
mediate memory address value; 
a first storing means for storing a memory ad- 
dress value at a boundary of a first memory ad- 
dress region; 30 
a second storing means for storing a memory 
address value at a boundary of a second mem- 
ory address region; 

a third storing means for storing a memory ad- 
dress value at a boundary of a third memory 35 
address region; 

a first comparing means (104) coupled to the 
storing means for comparing the developed 
memory address value with a first memory ad- 
dress value to determine whether the devel- 40 
oped memory address value is less than the 
first memory address value, and for generating 
a signal indicating that the developed memory 
address value resides in a first memory ad- 
dress region if the developed memory address 45 
value is less than the first memory address val- 
ue; 

a second comparing means (162) coupled to 
the storing means for comparing the developed 
memory address value with a second memory so 
address value to determine whether the devel- 
oped memory address value is greater than or 
equal to the second memory address value, 
and for generating a signal indicating that the 
developed memory address value resides in a ss 
second memory address region if the devel- 
oped memory address value is greater than or 
equal to the second memory address value; 



and 

a third comparing means (122,142) coupled to 
the storing means for receiving the intermedi- 
ate address indicating signal, for comparing the 
developed memory address value with the third 
memory address value to determine whether 
the developed memory address value resides 
between the third memory address valueahd 
the intermediate memory address value, and 
for generating a signal indicating that the devel- 
oped memory address value resides in the third 
memory address region if the developed mem- 
ory address value resides between thaxnemory 
address value and the intermediate memory 
address value. 

2. The apparatus of claim 1 , wherein said third storing 
means comprises a fourth storing means for storing 
a memory address greater than said intermediate 
address and a fifth storing means for storing a mem- 
ory address less than said intermediate address. 

3. The apparatus of claim 1, wherein each of said 
memory address regions has associated with it only 
one said memory address value storing means and 
only one said comparing means (104, 162, 122, 
142). 

4. The apparatus of claim 3, wherein said system 
memory address space comprises a lowest memo- 
ry address and a highest memory address, the ap- 
paratus further comprising: 

the memory address region associated with 
said first storing means being located between 
the memory address value stored in said re- 
spective storing means and said lowest mem- 
ory address; and 

the memory address region associated with 
said second storing means being located be- 
tween the memory address value stored in said 
respective storing means and said highest 
memory address. 

5. The apparatus of claim 3, wherein said computer 
system further includes cache memory (30) and a 
cache controller (32), the apparatus further com- 
prising: 

said memory address regions including cache- 
. able address regions; and 
means coupled to said cache controller (32) for 
receiving said indicating signals from said com- 
paring means associated with said cacheable 
address memory regions and for generating a 
cacheable address signal to said cache control- 
ler (32) which indicates whether said generated 
memory address value is located in a cachea- 
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ble address region. 

6. The apparatus of claim 5, further comprising: 

said memory address regions further including s 
a write protect memory address region; and 
indicating signal receiving means receiving 
* • said indicating signal from said comparing * 
means associated with said write protect ad- 
dress region and generating a write protect sig- 10 
naJ to said cache controller (32) which indicates 
whether said developed address is located in 
said respective write protect region. 

7. The apparatus of claim 5, further comprising an en- is 
abling bit, wherein when said enabling bit is cleared 
the system memory space is deemed cacheable 
and said comparing means output signals are ig- 
nored and when said enabling bit is set the system 
memory space is deemed non-cacheable and said 20 
comparing means output signals are enabled to 
designate cacheable address regions in the system 
memory space. 

8. The apparatus of claim 5, further comprising: 2s 

said receiving means further comprising an in- 
put for receiving a signal generated by external 
logic, wherein said external logic signal can 
force said cacheable address signal to indicate 30 
that a generated memory address value is a 
cacheable or non-cacheable address. 

9. The apparatus of claim 1, wherein said storing 
means are programmable. 35 



ceasing the determining operation if the inter- 
mediate address decode signal indicates that 
the developed memory address vaJue is great- 
er than the second memory address value; and 
the third comparing means (122,142) receiving 
the ffitermediate address decode signal and 
ceasing the determining operation if the inter- 
mediate address decode sigrialindicates that* 
the developed memory address value is not 
greater than the intermediate address value. 

12. The apparatus of claim 11 , the computer system ad- 
dress space having a further division based on the 
end of the address space, the apparatus further 
comprising: 

means for storing a memory address value as- 
sociated with the end of the address space; and 
means for comparing the developed memory 
address with said memory value stored in said 
ending address space storage means and de- 
termining if said developed memory value is 
greater than said stored memory value. 



Patentanspruche 

1 . Vorrichtung zum Bestimmen, ob ein in einem Com- 
putersystem erzeugter SpeicheradreBwert inner- 
halb eines von einer Vielzahl von 
SpeicheradreBbereichen ist, wobei das Computer- 
system (C) einen Mikroprozessor (24), einen Sy- 
stemspeicher (23) und einen Systemspeicher- 
adreBraum umfaBt, wobei die Vorrichtung gekenn- 
zeichnet ist durch: 



10. The apparatus of claim 9, wherein each of said 
memory address boundary value storing means 
stores a number of address bits representing a 
memory address value. 40 

11. The apparatus of Claim 1, further characterised by: 

the means for generating a signal which indi- 
cates whether said developed memory address 45 
value is greater than the intermediate memory 
address value further including a means for 
performing an address decode; 
the first memory address region residing at the 
beginning of the address space; so 
the second memory address region having one 
boundary at the intermediate memory address 
value; 

the third memory address region having one 
boundary at the intermediate memory address 55 
value; 

the second comparing means (104) receiving 
the intermediate address decode signal and 



eine Einrichtung zum Erzeugen eines SignaJs, 
wenn der erzeugte SpeicheradreBwert groBer 
a!s ein Ziwschen-SpeicheradreBwert ist, 
eine erste Speichereinrichtung zum Speichem 
eines SpeicheradreBwertes an einer Grenze 
eines ersten SpeicheradreBbereichs, 
eine zweite Speichereinrichtung zum Spei- 
chem eines SpeicheradreBwertes an einer 
Grenze eines zweiten SpeicheradreBbereichs, 
eine dritte Speichereinrichtung zum Speichem 
eines SpeicheradreBwertes an einer Grenze 
eines dritten SpeicheradreBbereichs, 
eine mit der Speichereinrichtung verbundene 
erste Vergleichseinrichtung (104) zum Verglei- 
chen des erzeugten SpeicheradreBwertes mil 
einem ersten SpeicheradreBwert, urn zu be- 
stimmen, ob der erzeugte SpeicheradreBwert 
Weiner als der erste SpeicheradreBwert ist, und 
zum Erzeugen eines Signals, das angibt, daB 
der erzeugte SpeicheradreBwert in einem er- 
sten SpeicheradreBbereich residiert, wenn der 
erzeugte SpeicheradreBwert kleiner als der er- 
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ste SpeicheradreBwert ist, 
eine mil der Speichereinrichtung verbundene 
zweite Vergfeichseinrichtung (162) zum Ver- 
gleichen des erzeugten SpefcheradreBwertes 
mit einem zweiten SpeicheradreBwert, urn zu s 
bestimmen, ob der erzeugte 
SpeicheradreBwert groBer Oder gleich dem 
-zweiten SpeicheradreBwert .is*, und zum Er- • 
zeugen eines Signals, das angfct, daB der er- 
zeugte SpefcheradreBwert in einem zweiten io 
SpeicheradreBbereich residiert, wenn der er- 
zeugte SpeicheradreBwert groBer oder gleich 
dem zweiten SpeicheradreBwert ist, und 
eine mit der Speichereinrichtung verbundene 
dritte Vergleichseinrichtung (122, 142) zum is 
Empfangen des Zwischenadresse-Angabesf- 6. 
gnats, zum Vergleichen des erzeugten Spei- 
cheradreBwertes mit dem dritten Speicher- 
adreBwert, urn zu bestimmen, ob der erzeugte 
SpeicheradreBwert zwischen dem dritten Spei- 20 
cheradreBwert und dem Zwischen-Speicher- 
adreBwert residiert, und zum Erzeugen eines 
Signals, das angibt, daB der erzeugte Spei- 
cheradreBwert im dritten SpeicheradreBbe- 
reich residiert, wenn der erzeugte Speicher- 25 
adreBwert zwischen dem SpeicheradreBwert 
und dem Zwischen-SpefcheradreBwert resi- 
diert. 



2. Vorrichtung nach Anspruch 1 , wobei die dritte Spei- 
chereinrichtung eine vierte Speichereinrichtung 
zum Speichem einer Speicheradresse, die groBer 
als die Zwischenadresse ist, sowie eine f unfte Spei- 
chereinrichtung zum Speichem einer Speicher- 
adresse, die kleiner als die Zwischenadresse ist, 
umfaBt 

3. vorrichtung nach Anspruch 1 , wobei jeder der Spei- 
cheradreBberetche mit nur einer 
SpeicheradreBwert-Speichereinrichtung und nur 
einer vergleichseinrichtung (104, 162, 122. 142) 
assoziiert ist 

4. Vorrichtung nach Anspruch 3, wobei der System- 
speicheradreBraum eine niedrigste Speicheradres- 
se und eine hochste Speicheradresse umfaBt, wo- 
bei der mit der ersten Speichereinrichtung assozi- 
ierte SpeicheradreBbereich zwischen dem in der 
entsprechenden Speichereinrichtung gespefcher- 
ten SpeicheradreBwert und der niedrigsten Spei- 
cheradresse lokalisiert ist, und wobei der mit der 
zweiten Speichereinrichtung assoziierte Speicher- 
adreBbereich zwischen dem in der entsprechenden 
Speichereinrichtung gespeicherten Speicher- 
adreBwert und der hochsten Speicheradresse Joka- 
lisiert ist. 
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tersystem weiterhin einen Cachespeicher (30) und 
einen Cachecontroller (32) umtaBt, wobei die Spei- 
cheradreBbereiche cachefahige AdreBbereiche 
umfassen, wobei die Vorrichtung weiterhin umfaBt: 

eine mit dem Cachecontroller (32) verbundene 
Einrichtung zum Empfangen der Angabesigna- 
te von den mit- den cachefahigen'AdreBspeh* 
cherbereichen assoziierten Vergleichseinrich- 
tungen und zum Erzeugen ernes Cachefahige- 
Adresse-Signate f Or den Cachecontrolier (32), 
welches angibt, ob der erzeugte Sepicher- 
adreBwert in einem cachefahigen AdreBbe- 
reich lokalisiert ist 

Vorrichtung nach Anspruch 5, wobei die Speicher- 
adreBbereiche weiterhin einen schreibgeschOtzten 
SpeicheradreBbereich umfassen, wobei die Vbr- 
richtung weiterhin umfaBt: 

eine Ang^besignai-Empfangseinnchtung zum 
Empfangen des Angabqsignals von der mit 
dem schreibgeschOtzten AdreSbereich assozi- 
ierten Vergleichseinrichtung und zum Erzeu- 
gen eines Schreibschutz-Signars f Or den Cach- 
econtroller (32), welches angibt, daB die er- 
zeugte Adresse innerhalb des entsprechenden 
schreibgeschOtzten Bereichs lokalisiert ist 

Vorrichtung nach Anspruch 5, welche weiterhin ein 
Aktrvierungsbit umfaBt, wobei wenn das Aktrvie- 
rungsbit geloscht ist, der Systemspeicherraum als 
cachefahig bestimmt wird und die Vergleichsein- 
richtung-Ausgabesignaleignoriertwerden, und wo- 
bei wenn das Aktivierungssignal gesetzt ist, der Sy- 
stemspeicherraum als nichtochefahig bestimmt 
wird und die Nfergletehseinrchtung-Ausgabesigia- 
le cachefahige AdreBbereiche im Systemspeicher- 
raum designieren konnen. 



8. Vorrichtung nach Anspruch 5, wobei die Empfangs- 
vorrichtung weiterhin einen Eingang zum Empfan- 
gen eines durch eine exteme Logik erzeugten Si- 
gnals umfaBt, wobei das Signal der extemen Logik 
45 erzwingen kann, daB das Cachefahige- Adresse-Si- 
gnal angibt, daB ein erzeugter SpeicheradreBwert 
eerie cachefahige oder eine nicht-cachefahige 
Adresse ist 

so 9. Vorrichtung nach Anspruch 1, wobei die Speicher- 
einrichtungen programmierbar sind. 

10. Vorrichtung nach Anspruch 9, wobei jede der Spei- 
cheradreBgrenzwert-Speichereinrichtungen eine 
« Anzahl von AdreBbrts speichert, welche einen Spei- 
cheradreBwert wiedergeben. 



5. Vorrichtung nach Anspruch 3, wobei das Compu- 11. Vorrichtung nach Anspruch 1, dadurch gekenn- 
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zeichnet, daB die Einrichtung zum Erzeugen eines 
Signals, welches angibt, ob der erzeugte Spetcher- 
adreBwert groBer ate der Zwischen-Speicher- 
adreBwert ist, weiterhin eine Einrichtung zum 
Durchfuhren einer AdreBdecodierung umfaBt, wo- s 
bei 

• der erste- SpeicheradreBbereich am Beginn - 
des AdreBraums residiert, 
der zweile SpeicheradreBbereich eine Grenze 10 
am Zwischen-SpeicheradreBwert aufweist, 
der dritle SpeicheradreBbereich eine Grenze 
am Zwischen-SpeicheradreBwert aufweist, 
die zweite Vergieichseinrichtung (104) das Zwi- 
schenadresse-DecodierungssignaJ empfangt 1$ 
und mit der Bestimmungsope ration aufhort, 
wenn das Zwischenadresse-Decodierungssi- 
gnal angibt, daB der erzeugte 
SpeicheradreBwert groBer als der zweite Spei- 
cheradreBwert ist, und 20 
die dritte Vergieichseinrichtung (122, 142) das 
Zwischenadresse-Decodierungssignal emp- 
fangt und mit der Bestimmungsoperation auf- 
hort, wenn das Zwischenadresse-Decodie- 
rungssignal angibt, daB der erzeugte Spefcher- 25 
adreBwert nicht grofier als der 
ZwischenadreBwert ist 

12, Vorrichtung nach Anspruch 11, wobei der Compu- 
tersystemadreBraum weiterhin eine Unterteilung 30 
auf der Basis des Endes des AdreBraums aufweist, 
wobei die Vorrichtung weiterhin umfaBt: 

eine Einrichtung zum Speichem eines mit dem 
Ende des AdreBraums assoziierten Speicher- 35 
adreBwertes, und 

eine Einrichtung zum Vergleichen der erzeug- 
ten Adresse mit dem in der AdreBraumende- 
Speichereinrichtung gespeicherten Speicher- 
wert und zum Bestimmen, ob der erzeugte 40 
Speicherwert groBer als der gespeicherte Spei- 
cherwert ist 



Revendicatlons 

1 . Appareil pour determiner si une valeur cfadresse de 
m6moire d6veloppee dans un systeme cf ordinateur 
se situe dans Tune quelconque cfune plurality de 
zones cfadresses de m6moire, le systeme cf ordina- 
teur (c) comprenant un microprocesseur (24), une 
memoire (23) du systeme et un espace cfadresses 
de la memoire du systeme, Pappareil etant caracte- 
risdpar: 

un moyen pour produire un signal si ta valeur 
de Padresse de memoire developpee est supe- 
rieure a une valeur cfadresse de memoire in- 



45 



so 



termediaire; 

un premier moyen de memoire pour memoriser 
une vaJeur cfadresse de memoire au niveau 
cfune limitecfune premiere region cfadresse de 
memoire; 

un second moyen de memoire pour memoriser 
une valeur cfadresse de memoire au niveau 
* cf une Itmite cfune seconde r6gtori cfadresse de 
memoire; 

un troisieme moyen de m6moire pour memori- 
ser une valeur cfadresse de memoire au niveau 
cfune iimite cfune troisieme region cfadresse 
de memoire; _ 
un premier moyen comparateur (104) couple 
au moyen de m6moire pour comparer la valeur 
cfadresse de memoire devetoppee a une pre- 
miere vaJeur cfadresse de memoire afin de de- 
terminer si la valeur d'adresse de memoire de- 
vetoppee est infeneure a ia premiere valeur 
d'adresse de memoire el pour produire un si- 
gnal indiquant que la valeur cfadresse de md- 
moire devetoppee est situee dans une premie- 
re region cfadresses de m6moire si la valeur 
d'adresse de memoire developpee est inf erieu- 
re a la premiere valeur d'adresse de memoire; 
un second moyen comparateur (1 62) couple au 
moyen de memoire pour comparer ta valeur 
d'adresse de memoire devetoppee a une se- 
conde valeur cfadresse de memoire pour de- 
terminer si la valeur d'adresse de memoire de- 
vetoppee est sup6rieure ou 6gale a la seconds 
valeur cfadresse de memoire, et pour produire 
un signal indiquant que la valeur d'adresse de 
memoire devetoppee reside dans une seconde 
region cfadresses de m6moire, si la valeur 
d'adresse de memoire devetoppee est supe- 
rieure ou egale a la seconde valeur cfadresse 
de memoire; et 

un troisieme moyen comparateur (122,142) 
couple au moyen de memoire pour recevoir le 
signal dedication cfadresse intermediate, 
pourcomparer (a valeur cfadresse, de memoire 
devetoppee a ta troisieme valeur cfadresse de 
memoire pour determiner si la valeur cfadresse 
de memoire devetoppee est situee entre la troi- 
sieme valeurcfadresse de memoire et la valeur 
d'adresse de memoire cntermediaire, et pour 
produire un signal indiquant que la valeur 
cfadresse de memoire devetoppee reside dans 
la troisieme region cfadresses de memoire si la 
valeur cfadresse de memoire devetoppee est 
situee entre la valeur cfadresse de memoire et 
la valeur cfadresse de memoire intermediaire. 



55 2. Appareil seton la revendicatton 1, dans lequelledit 
troisieme moyen de memoire comprend un quatrie- 
me moyen de memoire servant a memoriser une 
adresse de memoire superieure a tadlte adresse In- 
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termddiaire, et un cinquieme moyen de memoire 
servant a memoriser une adresse inferieure a ladite 
adresse intermediaire. 

3. Appareil selon la revendication 1, dans lequel a 5 
chacune desdites regions cfadresses de memoire 
sont associees uniquement fun desdits moyens de 
memorisation de la valeur cfadresse de mSrrioire et * * 
uniquement Pun desdits moyens comparateurs 
(104,162,122,142). 70 

4. Appareil selon la revendication 3, dans lequel ledit 
espace cfadresses de memoire du system© com- 
prend une adresse de memoire la plus basse et une 
adresse de memoire la plus elevee, fappareil com- is 
prenant en outre : 

la region cfadresses de memoire associee 
audit premier moyen de memoire etant situee 
entre la valeur cfadresse de m6moire memori- 20 
see dans (edit moyen respectif de mdmoire et 
ladite adresse de memoire la plus basse; et 
la region cfadresses de memoire associee 
audit second moyen de memoire etant situee 
entre la valeur cfadresse de memoire memori- zs 
s6e dans lesdits moyens de memoire respectifs 
et dans ladite adresse de memoire la plus ele- 
vee. 

5. Appareil selon la revendication 3, dans lequel ledit 30 
systeme d'ordinateur comprend en outre une m6- 
moire, cache (30) et un contrdieur de memoire ca- 
che (32), fappareil comprenant en outre : 

lesdites regions cfadresses de mdmoire com- 35 
prenant des regions cfadresses pouvant etre 
mises en memoire cache ; et 
des moyens couples audit contrdieur de me- 
moire cache pour recevoir des signaux indica- 
teurs proven ant desdits moyens comparateurs 40 
associes auxdites regions de ta memoire 
cfadresses pouvant etre mises en memoirs ca- 
che et pour produire, en vue de son envoi audit 
contrdieur de memoire cache (32), un signal 
cfadresse pouvant etre mis en memoire cache 
et qui indique si ladite valeur d'adresse de me- 
moire produite est situee dans une region 
cfadresses pouvant etre mise en memoire ca- 
che. 

so 

6. Appareil selon la revendication 5, comprenant en 
outre: 

lesdites regions cfadresses de memoire com- 
prenant en outre une region cfadresses de me- ss 
moire de protection contre fecriture; et 
un moyen de reception indicatif recevant ledit 
signal indicate en provenance dudrt moyen 



comparateur associe a ladite region d'adresses 
de protection contre recriture et produisant, 
pour son envoi audit contrdieur de memoire ca- 
che (32), un signal de protection contre recri- 
ture, qui indique si ladite adresse developpee 
est situee dans ladite region respective de pro- 
tection contre i'ecriture. 

7. Appareil selon la revendication 5, comportant en 
outre un bit de validation, dans lequel, forsque ledit 
bit de validation est efface, I'espace de memoire du 
systeme est estime comme pouvant etre mis dans 
la memoire cache, et lesdits signaux de sortie du 
moyen comparateur sont ignores et, lorsque ledit 
bit de validation est positbnne, I'espace de memoi- 
re du systeme est estim6 comme ne pouvant pas 
etre mis en memoire cache et lesdits signaux de 
sortie du moyen comparateur sont valides pour de- 
signer des regions cfadresses pouvant etre mises 
en memoire cache dans I'espace de memoire du 
systeme. 

« 

8. Appareil selon la revendication 5, comprenant en 
outre le fait que : 

ledit moyen de reception comprend en outre 
une entree pour recevoir un signal produit par 
une logique exteme, ledit signal de togique ex- 
teme pouvant forcer ledit signal cfadresse pou- 
vant elre mis en memoire cache a indiquer 
qu'une vaieur d'adresse de m6moire produite 
est une adresse pouvant etre mise en memoire 
cache ou ne pouvant pas etre mise en memoire 
cache. 

9. Appareil selon la revendication 1, dans lequel les- 
dits moyens de memoire sont prog ram mables. 

10. Appareil selon la revendication 9, dans lequel cha- 
cun desdits moyens de memorisation de valeurs lh 
mites d'adresses de m6 moire memorisent un nom- 
bre de bits cfadresses representant une valeur 
cfadresse de memoire. 

11. Appareil selon la revendication 1, caracterise en 
outre en ce que : 

le moyen de production cf un signal qui indique 
si ladite valeur d'adresse de memoire devefop- 
pee est sup6rieure a la valeur cfadresse de me- 
moire intermediaire, comprend en outre un 
moyen pour executer un decodage d'adresse; 
la premiere region cfadresses de memoire est 
situee au debut de I'espace cfadresses; 
la seconds region cfadresses de memoire com- 
porte une limite au niveau de la valeur cfadres- 
se de memoire intermediaire; 
ta troisieme region cfadresses de m6moire pos- 
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sede une lim'rte au niveau da la valeur cfadres- 
se de memoire intermeciiaire; 
le second moyen comparateur (104) recoit le 
signal de decodage cfadresse intermediaire et 
arrete Poperation de determination si le signal s 
de decodage cfadresse intermecJiaire indique 
que la valeur cfadresse de memoire develop- 
pee est superieure a la secc^devateurcfadres- * * 
se de memoire; et 

le troisieme moyen comparateur (122,142) re- 10 
cort le signal de decodage d'adresse rnterme^ 
diaire et arret© Poperation de determination si 
le signal de decodage cfadresse intermediaire 
indique que la valeur cfadresse de memoire de- 
veloppee n'est pas superieure a la valeur « 
cfadresse intermediate. 

12. Appareil sebn la revendication 11 , dans lequel I'es- 
pace cfadresse du systeme d'ordinateur comporte 
une autre division basee sur la fin de I'espace 20 
d'adresses, Pappareil comprenant en outre : 

un moyen pour memoriser une valeur cfadres- 
se de memoire assoctee a la fin de I'espace 
cfadresse; et 25 
un moyen pour comparer Padresse de memoire 
developpee a ladite valeur de memoire memo- 
ris6e dans lesdits moyens de memoire de i'es- 
pace d'adresse, et pour determiner si ladite va- 
leur de memoire developpee est superieure a 30 
ladite valeur de memoire memorisee. 
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